Concentrated solution theory is generalized to provide a framework for the description of isothermal transport processes in a mixture of two binary molten salts with a common ion. Electrochemical flux equations are derived for several, commonly-used reference velocities.
TWO-WEEK LOAN COpy
This is a Library Circulating Copy which may be borrowed for two weeks. For porous media, a macroscopic model has been developed which can describe the essential features of porous materials in terms of readily accessible system parameters. This model can be used in conjunction with concentrated solution theory to elucidate transport processes in porous electrodes (5) . With this approach, detailed studies have been made of electrodes with sparingly soluble reactants in concentrated binary electrolytes (6) , and of the zinc electrode in a ternary electrolyte (7).
Recent interest in the development of high performance batteries and fuel cells with molten salt electrolytes has focused attention on the need for a rigorous analysis of transport phenomena in these systems. In particular, high temperature, lithium/iron sulfide batteries that are candidates for storage of off-peak electrical energy and for electric vehicle propulsion can use mixtures of binary molten -2-salts with a common ion, such as the lithium chloride/potassium chloride eutectic (8) . These systems have been analyzed previously, . but without due regard for the details of the transport phenomena (9) . This paper presents a consistent set of transport equations for mixtures of two binary molten salts with a common ion. The equations can be applied to free electrolytic solutions or to electrolytes in porous media.
Development of flux equations
The analysis is based on the macro homogeneous model for porous electrodes in which the solution and matrix phases are treated as superposed continua without regard for the actual geometric details of the pores (10) . With this approach one can obtain a material balance for species i of the form a(£c.) ~ --=-a-t=-= aj in [1 ] where N. is the .flux of species i in the pore solution averaged -~ over the cross-sectional area of the electrode and where ajin represents the transfer rate of species i from the solid phases to the pore solution per unit electrode volume. In addition, the superficial current density in the pore phase is given by
and the condition of electrical neutrality for each phase gives [2 ] -3-L z.c.
for the electrolyte solution and specifies that the divergence of the total current density is zero. Explicit relationships for the fluxes in terms of the thermodynamic potential driving forces may be derived by inversion of the mu1ticomponent diffusion equation (2) c.V'~.
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[ 4 ] for each species in an isothermal, isobaric system with n components.
This set of (n -1) independent force balances defines the transport coefficients for binary interactions V ij , which are functions of temperature, pressure, and composition only. The number of independent transport properties in Eq.
[4] is 1 2" n(n -1) because V .. Consider a binary molten salt electrolyte with a common ion. The stoichiometries for dissociation of the individual salts, A and B , are described by -4- [5 ] where M3 is the chemical symbol for the common ion and where the electroneutrality condition dictates that
[6] [7]
i For this system, Eq. [4] yields two independent equations which may be rearranged, with the introduction of the superficial current density from Eq. [2] , to give expressions for the fluxes based on a reference velocity characteristic of the bulk motion of the electrolyte.
For example, if the velocity ~3 of the common ion is chosen as the reference velocity, the superficial fluxes in a porous electrode are given by
c. [8] e: V 2 as, [9] The can [10] Equations [9] and [10] are directly analogous to the definitions of transport properties in concentrated binary electrolytes (1) . In contrast to previous work on molten salt electrolytes (9), the transport parameters defined by the flux expressions (Eq. [8] ) are measurable state properties, independent of the fluxes and driving forces for mass transfer.
In parallel with the transport theory for concentrated binary electrolytes, the molar average velocity (2), the mass average velocity 
Consequently, for the molar average reference velocity, we have [12] [13] 
where Q is taken to be the quantity Z. 1. [19]
This quantity cannot be measured independently but, if the transference numbers are arbitrarily chosen to satisfy [20] it may be shown that a consistent definition for Q would be Table 1 for the mass average, molar average, and volume average reference velocities, and for a reference frame based on the velocity of the connnon ion. These equations describe the time-dependent behavior of the electrolyte in terms of the composition variable most appropriate for the particular reference velocity used. 
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Molar average reference velocity:
Volume average reference velocity: It may be shown that [23] and that [24] is independent of the reference frame, r . (Transference numbers with no superscript are relative to the mass average reference velocity.)
Equations [1] , [2] , and [3] can also be combined with the flux relationships to give overall conservation or "continuity" equations, which indicate how the reference velocity and porosity change asa .
result of electrode reactions, migration, and changes in solution composition. For the four reference velocities considered, the corresponding conservation equations are given in Table 2 , where [26] and ( j2 -t~ L z.j. )
. n z2 i 1 1n
[27] Table 2 . Continuity equations for a mixture of binary molten salts with a common ion.
Mass average reference velocity:
. M which is equivalent to Eq.
[24] and which involves a combination of S~ and S~ that is independent of the choice of reference frame.
The equations in Tables I and 2 This potential can be used as a driving force for the current, and combination of Eqs. [2] , [3] , and [4] with the thermodynamic relation
yields a modified Ohm's law expression·for the superficial current density in the pore phase. This is given by [32] where the second term includes the diffusion potential. 
